imply higher leaf mass area (LMA), higher wood density, smaller seeds, and lower leaf 1 nutrient contents associated with higher nutrient use efficiency (Fine & Baraloto, 2016) , in 2 comparison with other soil types such as FS. 3 Despite the stark community composition differences among contrasting edaphic 4 conditions, generalist species (i.e. species able to establish perennial individuals on 5 contrasting habitats) are common. Species-specific habitat preferences, linked to directional 6 variations of the functional composition, suggest habitat specialization based on the 7 evolutionary processes of selection, adaptation, and species divergence. Among the 8 mechanisms maintaining rainforest species diversity, these processes (selection, adaptation, 9 divergence) can occur within or between populations or species , even in a sympatric context 10 (e.g. ecological speciation through local adaptation and extreme competition, without a 11 geographical barrier) ( Scotti, 2015). However, generalist species are not necessarily the result of adaptive genetic 20 divergences among populations, but could be based on phenotypic plasticity, defined here as 21 the capacity of a given genotype to generate various phenotypes in response to environmental 22 variations (Bradshaw, 1965) . Indeed, phenotypic plasticity is assumed to be a leading process 23 for species eco-evolutionary dynamics and species diversification (Hendry, 2016 Finally, we propose an improvement of functional approaches to understand tree 10 ecology, with a dynamic approach to better incorporate tree phenotypic variability (intra-or 11 interspecific). In our point of view, functional approaches are most of the time "static", since 12 trait measurements are made at a particular age of the tree, representative of a tree's 13 functional traits at a specific moment of its life. A dynamic approach considers the 14 development of the trunk for instance, described as a sequence of elementary repetitive units 15 are fitted in the perspective of the eco-evolutionary dynamics of C. obtusa, without a priori 31 on genotype. We aim to answer the following questions: 32 (i) Do growth trajectories and architectural development patterns give us a more 33 comprehensive understanding of soil effects on tree phenotype? As growth trajectories and 34 architectural development vary, we hypothesise capturing soil-related variation, leading to a 1 more comprehensive understanding of overall phenotypic variation patterns. 2 (ii) Are the functional intraspecific patterns between FS and WS analogous to the 3 interspecific functional patterns observed at the community level? As WS are poor soils 4 determining particular functional traits at the interspecific level, we hypothesised to find an 5 analogous functional divergence at the intraspecific level. 6 (iii) Finally, what is the phenotypic variance strategy of C. obtusa to cope as a soil 7 generalist? 8 9
MATERIALS AND METHODS 10
Study species: Why C. obtusa is an appropriate tree model species ? 11 C. obtusa has several characteristics that allow the retrospective construction of a 12 tree's past growth. The growth of C. obtusa is continuous (no cessation of elongation) and 13 monopodial (no death of meristem), the tree is made of a set of axes, where each one is 14 composed of an ordered, linear, and repetitive succession of phytomers (i.e. the set of a node, 15 an internode, a leaf, and its axillary buds; Fig. S1 ). Leaves are stipulated, with an enveloping 16 stipule named calyptra which has a protective function ( Fig. S1 ). At the leaf establishment, Counami and Sparouine sites respectively. There is one long dry season lasting from mid-8
August to mid-November, during which rainfall is < 100 mm month -1 . The two studied sites 9 (Counami and Sparouine) are characterised by rainfall differences (Fig. S2 ). Counami shows 10 higher levels of rainfall and higher contrasts between the long rainy and the long dry seasons. 11
For each of the two sites, two micro-localities are identified corresponding to two soil types: 12 ferralitic soils (FS) and white-sand soils (WS). Local sites were chosen to be well drained and 13 on upper slopes. Each micro-locality supports individuals of C. obtusa. were taken, as each soil sample was representative of 4-6 individuals located no further than 23 30m from the soil sample spot. We acknowledge that the link between an individual and the 24 associated soil sample remains approximate as root system of C. obtusa can colonise a zone 25 of 15 m around the tree (Atger & Edelin, 1994). 26
As C. obtusa is dioecious, only pistillate trees were felled to avoid potential sex-27 related variability in the measured traits. Trees were not felled according to the same scheme 28 in the two sites. Trees were preselected to have as close as possible comparable diameters at 29 breast height (DBH), and age was estimated with binoculars according to the method 30 described by Zalamea et al. (2012) . By counting the number of internodes we were able to 31 estimate the age of trees as each internode is produced in 10 days (Heuret et al., 2002; 32 Zalamea et al., 2012) . In Sparouine, all individuals correspond to a single colonisation pulse: 33 all individuals have similar age (7-10 years), with DBH of 11.94 to 25.70 cm, and heights of 34 13 .85 to 23.20 m ( Fig. S3 ). Both soil types were represented by 19 individuals and all 1 individuals were felled and measured between the 14 th and the 19 th of September 2015. Thus, 2 season-, size-, and age-related effects on traits are controlled for soil and individual 3
comparisons. 4
The experimental design at Counami was different. The forestry road was opened 5 gradually, and therefore the age of the trees differed according to the road section (Zalamea et 6 al., 2012) . All individuals assigned to WS at Counami were selected at a single small WS 7 patch located 6 km after the entrance of the road. Thus, trees also represented a single 8 colonisation pulse and were of similar age (14-16 years), except one significantly older 9 individual of 22.8 years old), with DBH from 6.21 to 15.18 cm, and heights from 10.27 to 10 16.18 m, (Fig. S3 ). It was not possible to choose trees on FS on a single restricted area 11 because of the perturbation of soil structure by the logging machines and because we 12 excluded trees on down slopes. Consequently, FS trees were sampled between km 6 to 11 of 13 the forestry road and included different cohorts with different ages (7-23 years), DBH of 9.55 14 to 22.44 cm, and heights of 12.16 to 22.63 m ( Fig. S3 ). Eleven and eighteen individuals were 15 sampled on FS and WS respectively. Counami trees were felled at different dates, from 16
September 2014 to April 2016. The contrasted protocol was chosen to study seasonal and 17 ontogenetic effect on leaf traits, but the results of such analysis will not be addressed here. 18 19
Soil properties 20
Pedological analyses included granulometry, moisture content, acidity, organic matter 21 contents, and contents of exchangeable cations (Appendix S1, with detailed abbreviations). 22
The complete sampling procedure is described in the Appendix S1. Exchangeable cations 23 were analysed divided by cation-exchange capacity (CEC) to avoid autocorrelations between 24 the former and the latter. We also calculated a soil index of fertility as:
The a priori classification of soil types (FS-versus-WS) was confirmed by pedological 27 analyses of the soil properties within each site. The described pattern of soil properties is higher H:CEC and Fe:CEC ratio than Counami WS. The related results are presented in 1 Appendix S1. Within sites, the difference between soil types is more contrasted in Counami 2 than in Sparouine. 3 4
Architectural and functional traits 5
For all individuals, we measured a suite of architectural traits at phytomer and whole-6 tree levels to characterise growth, branching and flowering dynamics and the resulting tree 7 architecture. Retrospective analysis of development allows us to consider tree developmental 8 trajectories as growth performance traits (i.e. the height-age relationship). Such dynamical 9 approach considers the development of the trunk only (no branches) described as a sequence 10 of phytomers. Three variables were measured for each phytomer: (1) internode length (2) 11 vegetative bud state coded as: 0 not developed or aborted; 1 developed, present or pruned, (3) 12 inflorescence bud state coded as: 0 no inflorescence; 1 pruned or present inflorescences. 13
Features for bud states are treated as binary values: presence or absence. As suggested by 14 Davis (1970) Table 1 . Whole-tree 19 dimensional traits complete the dynamic analysis to define the tree's ecological performance 20 (Table 1, 
with detailed abbreviations) 21
Functional traits were measured especially at the leaf level ( Table 2, Year delineation for each individual allows estimation of a mean phyllochron for each year 33 according to the node rank (Appendix S3). Knowing the phyllochron allows conversion of the 34 rank node to a temporal scale. Finally, a higher organizational level can be interpolated at the 1 year scale considering the length or the number of nodes elongated between two successive 2 dry seasons (Table 1) . Although the growth is continuous (Zalamea et al., 2013) , we use the 3 term "annual shoot" (AS; Table 1) in the text to refer to the growth between two successive 4 dry seasons. 5
Based on cumulated tree height according to age, two linear growth phases were 6 identifiable, with a slope rupture nearly at the age of 6-7 for all trees. As the first phase was 7 fully described for all individual trees, and all trees were older than 7 years old, we calculated 8 quantitative growth rates (m -1 ) for each tree as the slope of the linear regression of the 9 relationship between the cumulated tree height and tree age, for the first seven years only. 10
Existence of clusters defined by signatures of developmental trajectories are 11 characterised with a clustering method on the generated longitudinal data (Table 1) 
RESULTS 31
Dynamic approach: architectural development and growth trajectory 32 Autocorrelation functions calculated for the internode length residues as well as branching 33
and flowering binary sequences all showed significant periodicity regardless of the site or soil 34 type ( Fig. 1) . In Counami, the correlogram calculated for internode residues sequences 1 yielded significant positive maxima at lags 30, 58, 88 in WS and 30, 52, 64, 88 in FS (Fig.  2   1a ). In Sparouine, a similar pattern was observed with significant positive maxima at lags 17, 3 34, 79 in WS and 19, 36, 68, 88 in FS (Fig. 1b ). Similar overall patterns are observed for 4 flowering event sequences. In Counami, the correlogram yielded significant positive maxima 5 at lags 12, 27, 52, 77, 88 in WS and 27, 53, 73, 89 in FS (Fig. 1c) . In Sparouine, significant 6 positive maxima were at lags 16, 32, 63, 74 in WS and 19, 33, 48, 64, 89 in FS (Fig. 1d) . 7
Considering the first 50 lags, a bimodal pattern (lags 12-19 and 27-36) is more pronounced in 8
Sparouine and on WS for internode length and flowering variables. In Counami, the 9 correlogram calculated for branching event sequences yielded significant positive maxima at 10 lags 38, 60 in WS and 29, 60, 88 in FS (Fig. 1e ). In Sparouine, the correlogram calculated for 11 this variable yielded significant positive maxima at lags 30, 40, 70 in WS and 28, 38, 100 in 12 FS (Fig. 1f ). 13
Based on rhythms relying on autocorrelation coefficients and the knowledge on C. according to node rank showed the same trend in both sites (Fig. 2) . It initially decreased to 20 the 100th node rank and then linearly and continually increased for both sites (Fig. 2a, b ). For 21 both sites, there were no significant difference between FS and WS based on confidence 22 intervals ( Fig. 2) . 23
The variation of trunk internode length according to age showed a hump-like trend for 24 both sites (Fig. 3a, c) , with an initial increase to the 8-9 th year preceding a decrease and a 25 plateau phase. In Counami, FS trees had significant longer internodes than WS ones the first 5 26 years, based on confidence intervals (Fig. 3a) . In Sparouine, there were no significant 27 difference between FS and WS mean trajectories based on confidence intervals. The cluster 28 analysis defined two clusters for both sites (Fig. 3b, d) . The clusters significantly matched the 29 soil types in Counami (P = 0.003) but not in Sparouine (P = 0.328). 30
For both sites, the number of nodes per AS initially increased over the first 3-5 years 31 and then continually decreased (Fig. 3e, g ). There were no significant differences between FS 32 and WS based on confidence intervals. The cluster analysis defined two clusters for both sites 33 ( Fig. 3f, h) . In Counami the two clusters were not related to soil type (P = 0.401), whereas in 1 Sparouine the clusters were significantly associated with soil-type (P = 0.008). 2
For both site, the variation of AS length followed the same trend as the internode level 3 (Fig. 3a , c, i, k). AS length initially increased over the 3 fist years and then decreased, except 4 for WS Counami trees where AS length decreased from the first year. There was a significant 5 difference in AS length between Counami FS and WS for trees between 2 and 4 years old. 6
There was no significant difference between Sparouine FS and WS based on confidence 7
intervals. The cluster analysis defined for both sites two clusters (Fig. 3j, l) . At Counami they 8 were related to soil types (P = 0.003), while they were not in Sparouine (P = 0.283). 9
For both sites, there was a pattern for FS trees to be higher than WS trees for a given 10 age ( Fig. 3m, o) . Within the Counami site, FS trees covered the largest range of trajectories 11 and reached the highest height ( Fig. 3m ). Within the Sparouine site, WS trees covered a larger 12 range of trajectories and the WS highest trees were as tall as the highest FS ones (Fig. 3o ). For 13 both sites, it was possible to identify two main growing phases. The phases were 14 differentiated by variations in growth rates over the tree's lifespan. The first phase covered the 15 first 5-7 years, except for FS Counami trees where it was the first 9-10 years. The second 16 growing phase was defined by a slower growth rate, which remained constant for all 17 individuals. The cluster analysis defined three clusters for both sites, which were significantly 18 associated to soil types (P < 0.01; Fig. 3n, p) . For Counami, the cluster C was composed of FS 19 trees with the highest growth rates whereas in Sparouine, cluster C was composed of WS trees 20 with the slowest growth rates. 21
The analysis of the cumulated number of pairs of inflorescences on the trunk indicated 22 that there was no significant difference between FS and WS for both sites based on 23 confidence intervals (Fig. 4a, b) . In Counami trees, there was a significant difference in the 24 cumulated number of branches of the trunk between FS and WS after 5-6 years old based on 25 confidence intervals (Fig. 4c ). In Sparouine trees there was no significant difference in the 26 cumulated number of branches on the trunk between FS and WS based on confidence 27 intervals ( Fig. 4d ). 28
The height growth rate, calculated for the first seven years of growth, was significantly 29 different between FS and WS on both sites (P < 0.001; ANOVA; Fig. 5 
), with highest growth 30 rates always exhibited by FS trees. 31
When comparing all four conditions in term of performance traits at whole tree level, 32 significant differences were identified for tree height, DBH, the branching order, the height of 33 the first flowering and first branching, and the node rank for first branching (Table 3 ; P < 34 0.05; ANOVA). No significant differences appeared for any trait within Sparouine between 1 FS and WS trees (P > 0.05; ANOVA). Significant differences between FS and WS trees 2 within Counami were found for tree height, the branching order, the height of first flowering, 3 and the node rank of first branching (P < 0.05; ANOVA). Between-site differences were 4 found for DBH and the height of first flowering (P < 0.05; ANOVA). 5
6
Characterization of functional traits 7
The first and second axes of the multivariate analysis of correlations for functional traits 8 explained 47.0 % of the inertia (Fig. 6a ). The first axis (28. contrasting rainfall and our results indicates that phyllochron and leaf production are not 8 prone to vary with environment. Soil type shows a significant effect on both internode length 9 and AS length in Counami for the first 6 years, but not in Sparouine. When the soil effect is 10 strong enough, the differences in AS length between soil types correspond mainly to 11 variations in internode length rather than variations in number of nodes per AS. Reducing the 12 number of nodes per AS would imply the increase of the phyllochron, thus reducing the 13 number of leaves produced per year. Such mechanism would critically affect tree carbon 14 balance and probably is avoided as the contribution of a given leaf to the carbon balance is 15 disproportionate in comparison to most of species: C. obtusa's leaves are large (1,000-5,000 16 mm², Levionnois et al., data not published) but few (100-600 leaves on one tree, Table 3 ). structures are different between sites in terms of tree density, and proportion and composition 9 of other tree species; and finally, (iv) the slightly larger rainfall during the dry season for the 10 Sparouine site (Fig. S2 ). Clay and silt, which drive water reserves, do not differ between sites 11 for a given soil type (Appendix S2 and Fig. S4) , so under the fourth hypothesis, water 12 availability would be the leading constraining factor explaining growth differences across 13 sites, with an accruing sensitivity during the dry season for Counami trees (Wagner et al., 14 2012 conditions are associated with smaller geometric features (e.g. length, diameter…) or slower 20 growth rates (Coomes & Grubb, 1998) . But the precise soil physico-chemical determinants 21 that explain intra-and inter-site differences in trees developmental trajectories remain difficult 22 to understand and have to be investigated. 23 24
Variance in C. obtusa functional traits between soil types 25
Contrasting soil properties, such as FS-versus-WS, have strong impacts on species 26 community structure in the Amazon rainforest, both at local and regional scales (Daly et leaf nutrient contents associated with high water use efficiency for WS tree species (Fine & 33 Baraloto, 2016), on the contrary of FS tree species. Such well-defined trait optima according 34 to species soil-specialization lead to the assumptions that (i) the phenotype range that trees are 1 capable of expressing to match the environment they live in is bounded, and that (ii) such 2 boundaries would shape functional ITV for species colonizing both FS and WS. To our 3 knowledge, no study has focused on the effect of FS-vs-WS soil properties on the 4 intraspecific functional variability. 5
Contrary to our hypothesis, a striking result is that the soil was not a strong enough 6 driver across the area we spanned to make any measured C. obtusa trait responsive to soil 7 composition variance. Only two functional traits are differentiated between soil types and 8 only for the Counami site: petiole length and leaf area. Even this weak response does not 9 mirror the interspecific functional level composition, where rather high LMA, high WSG, and 10 low leaf nutrient contents are generally found (Fine & Baraloto, 2016) . The higher 11 pedological contrasts between FS and WS at Counami is probably the reason why it is the 12 only site where we found significant differences in leaf traits (Appendix S2 and Fig. S4 ). One 13 explanation is that larger leaves are associated with larger vessels (Gleason et al., n.d.), and 14 thus potentially larger water supplies. Moreover, larger leaves are self-sufficient for 15 generating higher evaporative demand and thus higher tension and driving force (Whitehead, 16 Edwards, & Jarvis, 1984). Limiting water demand with smaller leaves could be an efficient 17 way to prevent drought-related embolism, especially in a water-limited environment as WS. The pedological analysis indicated that water availability and N content were limited 32 on WS (Appendix S2 and Fig. S4) . Therefore, the development of Cecropia trees on WS is 33 allowed by two unexclusive explanations in our point of view. First, there are relevant 34 functional traits we did not consider in this study. It has been shown that water availability is 1 the leading climate driver of Amazonian rainforest tree growth (Wagner et hydric stress is expected on WS, but δ 13 C leaf , which is a proxy for plant water-use efficiency, 7 did not vary with soil types. One explanation would be that water-use efficiency starts to 8 change when trees are effectively water-stresses, i.e. at the end of the dry season (November 9
in French Guiana, Fig. S2 ), when soil water content is exhausted (Bonal, Barigah, Granier, & 10 Guehl, 2007; Wagner, Hérault, Stahl, Bonal, & Rossi, 2011). Since most of our trees were not 11 sampled at this time, we can hypothesised that they were not stresses enough for detecting 12 contrasting δ 13 C leaf . The variance in soil characteristics can also impact the root system The phenotypic variance strategy for being a soil generalist 17
We showed that soil heterogeneity across sites does not affect the functional traits of C. 18 obtusa we selected, but rather drives a divergence on growth trajectory and total biomass 19 between FS and WS. Indeed, we showed that WS trees exhibit shorter internodes and annual 20 shoots for a given age, and lower height and DBH, leading to lower aboveground biomass for 21 a given age. Also in terms of biomass, we showed that Counami WS trees have less 22 cumulated branches over their lifespan, which entails exponential carbon savings by reducing 23 the number of total leaves as also the quantity of flowers and fruits, if everything else remains 24 equal (flower and fruit size, number of flowering and fruiting events in a year). We also 25 identified that Counami WS trees bear petioles ~27% shorter than their FS conspecifics, 26
which lead to substantial carbon savings per phytomer. Minimizing carbon expenses in 27 resource-limiting environments is consistent with the growth strategy of heliophile species 28 facing strong competition for light, where they prioritise growth in height ( Across soil types and sites, growth and survival on WS is optimised by buffering leaf 32 and wood traits values, at least for the traits we measured, but by saving carbon through 33 smaller internode, less branches, and lower wood increments; rather than just adjusting 34 2 0 functional traits as generally and implicitly posited or awaited (Brousseau, Bonal, Cigna, & 1 Scotti, 2013b; Fine & Baraloto, 2016). One striking result strengthening this idea is the 2 gradient of overall phenotypic response with soil contrasts. Indeed, we clearly showed, based 3 on soil analysis, that soil differences were more contrasted in Counami than Sparouine. In the 4 same way, no functional trait difference was found in Sparouine between FS and WS, 5
whereas two traits were different in Counami between FS and WS. Moreover, our 6 architectural analysis demonstrated higher contrast for Counami trees between FS and WS, 7 based on cumulated height with age, internode length, annual shoot length, and cumulated 8 branching. 9
10

CONCLUSION 11
Our study provides to our knowledge the first evaluation of FS-versus-WS soil effects on the 12 phenotypic variability at the intraspecific level. Our findings point to the improvement made 13 by integrating together functional traits, and whole-tree growth trajectory and architectural 14 development, to detect the leading phenotypic adjustments involved at the intraspecific 15 response to different soil types Functional traits divergence did not necessary occur at the 16 intraspecific level in the same pattern as documented at the interspecific level. Verryckt for their assistance with field work and measurement of leaf traits. We gratefully 6 thank Isabelle Maréchaux for critical and valuable comments on the manuscript. We thank 7
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